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Mother-to-Child Transmission (MTCT) of HIV—
The Basics

Despite the intimate relationship between a mother and her

fetus, the majority of HIV-infected pregnant women do not

transmit HIV to their infant. Approximately one-third of exposed

infants acquire HIV in the absence of any preventative interven-

tions, with exposure during delivery and breastfeeding accounting

for the majority of infections; in utero infections contribute a

relatively small fraction [1,2]. Because of successes with antiret-

roviral (ARV) treatment to prevent infection, the number of HIV-

infected infants is declining, but there were nonetheless approx-

imately a quarter million new infant infections in the past year [3].

HIV is found in blood, genital secretions, and breast milk, with

higher levels in each of these body fluids correlated with

transmission [1,4]. Given the strong associations between maternal

virus levels and transmission, considerable effort has been placed on

reducing maternal viral burden through ARV therapy during

pregnancy, delivery, and breastfeeding. This approach, combined

with providing infants with ARVs as prophylaxis, can reduce

transmission levels to a few percent [5]. Preventing mother-to-child

transmission (MTCT) has been a great success story in HIV

prevention efforts, although it presents challenges in identifying and

treating those at risk and related issues of drug resistance [5–7].

In addition to providing key insights into the use of treatment

for prevention of HIV transmission, MTCT has also offered

insights into the potential of HIV-specific immune responses to

provide protection—a topic that is central to rational HIV vaccine

design. Much of the focus has been on neutralizing antibodies

(Nabs) because the transfer of passive antibodies from mother to

infant creates a unique situation in which the infant has HIV-

specific Nabs at the time of exposure, much like what would be

expected with a vaccine designed to elicit antibodies. Antibodies

are transferred across the placenta and reach high levels at the

time of birth. Thus, during late gestation and breastfeeding, the

infant has HIV-specific antibodies potentially capable of recog-

nizing and neutralizing the maternal virus. The fact that

transmission occurs in the face of these passive antibodies suggests

that they are not highly effective at blocking transmission.

However, more than 60% of untreated HIV-exposed infants do

resist transmission, leaving open the possibility that antibodies are

effective in some settings, either when they are present at high

enough levels at the place and time of exposure and/or have the

proper specificity or function. Studies to address these possibilities

have yielded variable results, as discussed below.

What Role Do HIV-Specific Neutralizing
Antibodies Play in Protection?

There is, as yet, no clear picture on how much of a role HIV-

specific Nabs play in protection of a HIV-exposed infant, but the

weight of evidence seems to suggest they may contribute. Several

small studies where Nabs were specifically measured against the

autologous maternal virus suggested a partially protective effect of

maternal Nabs on transmission [8–10]. However, results vary

across studies, with a recent study even suggesting an enhancing

effect of maternal Nabs on transmission [11]. Moreover, some

studies reported that Nabs protect the infant only in utero [10],

while others suggested it is only during delivery [12]. To some

extent, the variation can be attributed to the small sample sizes of

most studies, making it challenging to consistently identify

associations. A potentially more problematic variable is the timing

of when antibodies and virus were characterized in relation to

when transmission occurred in some studies. HIV has a high rate

of genetic variation and changes rapidly in response to immune

pressures; the host immune response, which is also very dynamic

in nature, adapts in kind. This clash of the evolutionary titans [13]

means that the study of immune response correlates outside the

window when transmission occurred may be largely irrelevant to

understanding the role of antibodies in protection. In this regard, it

is important to remember that, unlike experimental systems, it is

virtually impossible to examine events at the time of infection in

humans. Therefore, the ability to address these questions in

human studies depends both on how closely the time of infection

can be defined and when samples are available in relation to it.

Our studies of larger cohorts of mother–infant pairs near the

time of transmission have suggested that neither the breadth of

the maternal HIV-specific Nab response nor the breadth of the

passively acquired HIV-specific Nabs in the infant correlated with

risk of infant infection [14,15]. The caveat to these studies is that

Nab activity was measured against representative HIV variants

circulating in the population (heterologous variants), not the

individual autologous viruses from each mother–infant pair, as was

done in some of the smaller studies. Thus, while the larger studies

suggest limited benefit of broadly active Nabs in protection, these

findings do not provide a definitive answer as to whether Nabs

provide some protection against the specific HIV variants that the

infant encounters. Studies using autologous virus are difficult to do

on a large enough scale to convincingly address this complex

question, but if this were undertaken, it would provide valuable

information on the potential of HIV-specific Nabs to protect

against HIV infection.
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Do Nabs Select for Transmission of Escape
Variants?

As noted above, HIV is highly variable and rapidly escapes the

Nab response [13]. Thus, in the case of MTCT, Nabs may not

protect simply because the mother often harbors escape variants

that are poorly neutralized by her antibodies. In the case that the

mother harbors virus variants with a range of neutralization

sensitivities, the virus transmitted to the infant should be one that is

poorly recognized by maternal Nabs if Nabs are effective at

protecting against neutralization sensitive variants (Figure 1). In

fact, there is evidence to support this model. Larger studies focused

on virus–antibody dynamics near the window of transmission

showed that the viruses transmitted to infants were significantly

less sensitive to maternal Nabs than the overall maternal virus

population [16,17]. These findings suggest that Nabs are blocking

some HIV variants, but they cannot block the harder-to-neutralize

viruses that have undergone escape. To accomplish escape, the

variants transmitted to infants appear to have altered their

conformation to mask epitopes recognized by maternal Nabs

[18]. Of note, recent studies have provided insight into the

structure of a trimeric envelope protein representing an escape

variant that was transmitted to an infant, including envelope

protein in complex with antibody [19]. Studies of this type,

particularly those comparing the structure and antibody-binding

properties of maternal versus infant variants, could help define the

antibody selective pressure that leads to transmission of Nab

escape variants in infants.

In aggregate then, studies to-date provide evidence for a role for

Nabs in blocking some HIV-1 variants in MTCT. However, the

jury is still out on whether they contribute in any significant way to

blocking infection completely, and this may be partly due to the

rapid evolution of Nab escape variants in the mother (Figure 1).

What Role Do Antibodies That Mediate Killing of
Infected Cells Play in Protection from MTCT?

Interestingly, there is evidence from one recent study that

antibodies that act through antibody-dependent cellular cytotox-

icity (ADCC) may contribute to infant protection, particularly

ADCC antibodies in breast milk [20]. In humans, breast milk does

not substantially contribute to passive transfer of circulating

antibodies in the infant [21] and thus are not acting in the infant to

block virus entry. However, they could play a role in protection by

Figure 1. Schematic of virus escape from antibody in MTCT. Different virus variants are shown in different colors, with the antibodies that
recognize and neutralize them shown in the same color. For simplicity, in this figure each antibody only recognizes one virus variant, although in
reality, some will recognize several different variants. During the process of transmission (transmission bottleneck) the infant is infected with a viral
variant from the mother that was not neutralized by her antibodies. The arrow indicating evolution in the mother shows how virus/antibody
dynamics change. In particular, the virus that was not recognized by maternal antibodies at the time of transmission (shown in cyan) may be
recognized by newly elicited antibodies present a few weeks later. At that time, a different escape variant (shown in purple) may have evolved.
doi:10.1371/journal.ppat.1004283.g001
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reducing virus levels in breast milk and thus reducing infectious-

ness. Given that antibodies that act through ADCC have the

potential to kill infected cells, the link between breast milk ADCC

antibodies and infant infection is particularly interesting because

cell-associated virus has been implicated in breast milk HIV

transmission [4]. It remains unclear if ADCC antibodies in breast

milk contribute to reducing infant infection risk by killing infected

cells, or whether they are simply a surrogate marker for ADCC

antibodies circulating in the mother or in the infant, as these

activities are likely highly correlated. In addition, the data comes

from just one relatively small study [20]. The role of ADCC

antibodies in MTCT is therefore a topic that needs more

exploration, especially given the suggestion that ADCC antibodies

may have contributed to protection in a HIV vaccine trial in

humans, at least in a subset of individuals [22].

Summary

MTCT has been a rich source of information for prevention

research; it has demonstrated the benefit of using ARVs to block

transmission and it has also provided insights into the potential of

antibodies to prevent HIV infection. However, understanding the

factors that lead to the majority of HIV-exposed infants eluding

infection is challenging because the determinants of risk are clearly

multifactorial. In that regard, other immune responses may

contribute to this protection, including cellular immune mecha-

nisms and innate factors [1,2]. Studies of immune correlates of

protection are also complicated by the dynamic nature of HIV and

the immune response to it.

While the current state of knowledge suggests that antibody-

mediated protection may not be the major factor in determining if

an infant acquires HIV from their mother, it may play a role.

There is some provocative but relatively limited evidence that

antibodies may protect infants via ADCC. In the case of Nabs,

several small studies have shown a correlation between Nabs and

protection, but results of studies on this topic are variable and

would benefit from larger studies focused specifically on the

window of transmission. There is perhaps better evidence that

antibodies contribute to blocking virus variants that are highly

sensitive to neutralization, suggesting that the Nabs elicited in a

typical infection may not have adequate breadth and/or potency

to prevent transmission of the harder-to-neutralize viruses. This

may be a peculiarity of MTCT, where escape variants elicited

specifically to maternal antibodies are often present. MTCT could

therefore provide insights on the potency of antibody needed for

protection if we can understand which subset of maternal variants

are blocked by antibodies and if some mothers have antibodies of

sufficient breadth and potency to completely prevent infant

infection. Understanding how much antibody is needed to block

infant infection could be invaluable in helping guide vaccine

design, where the bar for eliciting antibody-based protection in

humans is poorly defined.
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